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(54) Procedure for obtaining a corrosion-resistant boron nitride coating on a substrate 

(57) The object to be coated is immersed into a solution of solid borazine compounds, the solvent is then 
evaporated to leave a layer of said borazine compounds, then the object is pyrolysed which 
converts said layer into a BN coating. 
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CLAIMS 

1 . Procedure to obtain on a substrate a homogeneous boron nitride coating, characterized by the fact thai a 
layer of non-volatile or weakly volatile borazine derivative is applied onto a substrate and this substrate is 
then heated to pyrolyse the layer and convert it to BN with hydrogen evolution. 

2. Procedure according to Claim 1 , characterized by the fact that the substrate is heated at 600 - 800°C to 
obtain BN with a corrosion resistant amorphous structure. 

1 Procedure according to Claim 2 t characterized by the fact that the amorphous BN layer is then heated a: 
1 1 00 - 1300°C, to convert it to hexagonal BN. 

4. Procedure according to Claim 1, characterized by the fact that the borazine derivative is an oligomer of 
the latter, which is solid at an ambient temperature. 

5. Procedure according to Claim 4,. characterized by the fact that the oligomer is a dimer selected among 
the biborazinyl and the borazanaphthalene or a mixture of them. 

6. Procedure according to Claim I, characterized by the fact that, in order to perform the application, the 
substrate is immersed in a solution of the borazinic compound(s) so that a layer of this solution is formed on 
the surface of the substrate, then the solvent is evaporated from it in order to form a film of solid borazinic 
compounds on the surface of this substrate. 

7. Procedure according to Claim l f characterized by the fact that the solution of borazinic compound(s) is 
sprayed over the substrate maintained at a temperature high enough to cause the evaporation of the solvent 
and to form on the surface of the substrate a thin film of solid borazinic compounds. 

8. Procedure according to Claim 6; characterized by the fact that for said solution is used an organic 
solvent selected among the high-aromatic solvents, such as benzene, toluene, xylene, etc., ethers such as 
tetrahydrofurane, dioxane, diglyme, and chlorinated solvents such as CHCI3, CH2CI2, trichloroethylene, etc. 

9. Procedure according to Claim 8, characterized by the fact that the concentration by weight of the 
borazinic compounds in the solution is 1 to 50%. 

10. Procedure according to Claim 2, characterized by the fact that over the substrate is directed, by 
sweeping according to a previously established pattern, an energetic or laser beam, a beam of electrons or 
ions, in order to produce on the affected area a local heating that converts the borazinic film into BN, and 
then to dissolve with a solvent the non transformed borazinic derivative, while the substrate keeps on the 
surface an area covered by boron nitride according to the original design. 



DESCRIPTION 

The subject of the present invention is a procedure to form, on a substrate, a boron nitride film resistant to 
corrosion by chemical and atmospheric agents. This nonrconductiYe hard film, resistant to high 
temperatures in the air, acts as a protective coating for a Jarge variety of substrates, preferably metal or 
mineral 

Numerous techniques to perform such a deposit are known from the state of the art. 

It can be obtained by thermal decomposition of mixtures of BClj and NH 3 (G. Male et aL Laboratoiies des 
Ultra-Refractaires du CNRS, F. 66120 Font-Romeu. 1979) and of hexachloroborazine in vapor phase [G. 
Constant et ai % J. of the Less-Common Metals 82 (1981), pp. 113-118]. Diborane and ammonia can also be 
made to react in vapor phase (H.O Pierson et */., Proceedings of the Seventh Internat Conf. on CVD, The 
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Electrochemical Soc. Softbound Proceedings Series, Princeton, N J. (1979), USA; US-A-4, 118, 211; as 
well as boron and nitrogen compounds such as trifluorbtrimethylaminoborane and 
dibromodipropylaraineborane [E.A. Balabanova et aL Russian J. of Inorg. Chem- 25 (7), 1980, English 
translation, pp. 995-996.]; Decomposition of borazine was also performed in vapor stage [A.C. Adams, J. 
Electrochera. Sbc., 128 (1981), pp.1378-13791 or in plasm* stage [S, Shanfield et aL, G. Vac. Sci. Technol. 
A I (2), April-June 1983, pp.323-324J. 

The BN films may be useful as dielectrics in microelectronics, as corrosion protection for chemical 
equipment, and as reinforcement and protection for glass or ceramic fibers used in telecommunications and 
composite materials. 

The various above-mentioned preparation techniques show disadvantages connected to the instability of the 
starting materials and to the obligation to work in vapor phase under well controlled conditions that require 
the use of refractory reaction cells heated at a high temperature and of relatively complicated reactant 
vaporization equipment. Therefore, it was desirable to have a simplified procedure where a stable enough 
boron and nitrogen compound is allowed to react in order to be directly applied over the object to be coated, 
which is then simply heated at a temperature that is sufficient to cause the pyrolytic decomposition of said 
compound in a homogeneous layer that resists boron nitride corrosion. 

Such a procedure is defined in Claim 1. Monomeric borazine is a liquid at ambient temperature and its 
vapor pressure is high. As a consequence, the liquid boruzine film obtained on a substrate by immersion 
evaporates before the pyrolyse temperature is reached, even in autoclave; the product losses are too 
important to make this technique usable. On the contrary, by using a solid and little volatile derivative of 
borazine, for example an oligomer such as biborazinyl or borazanaphthalene, or mixtures of these 
substances, this disadvantage no longer exists. 

In order to prepare such derivatives of borazine, it can be irradiated in vapor phase by means of an actinic 
source [M.A. Ness et al % JAC.S. 94 (1972), p. 1438], which causes the formation of various oligomers 
besides the above mentioned dimers. Borazine can also be polymerized by heat (see A. Laubengayer et 
al. f ). All these substances can be used in the present invention, if they are soluble in volatile organic 
medium. Alkylated derivatives of these oligomers can also be used [see G.A. Kline et aL, Inorg. Chem. 16 
(1977), p. 11]. 

In addition, the present inventor also found that the borazine oligomers can be prepared by exposure of 
liquid borazine, with the useful exposure in the visible and UV range. Traces of transition metals (Cr, Fe, 
Mo, W, etc.) can catalyze such a reaction. 

For the implementation of the present invention, the following procedure is preferably used: a solution is 
prepared from the solid borazinic compound(s) in a neutral organic solvent, for example benzene, toluene, 
dioxane, THF, etc. and the coated object is immersed in this solution. This technique shows the 
considerable advantage of making all the elements on the surface of the object considered accessible for 
coating, even if they are hard to reach by gaseous reagents in case the usual coating techniques are applied. 
The object is then withdrawn from the solution and after draining, the solvent is allowed to evaporate, 
which leaves a thin film of the solid borazinic derivative on the surface of the object There can be any 
concentration of borazinic derivative in the solution; the higher it is, the thicker the film obtained by 
evaporation. Practically, any concentration between 5 and 50% is suitable. 

The object is then heated in a protective atmosphere furnace, for example with nitrogen or argon at 
sufficient temperature to cause the pyrolysis of the deposit and its conversion to BN with hydrogen 
evolution. This temperature is preferably between 600 and 800°C, which leads to a homogeneous 
amoiphous deposit, resistant to corrosion by humidity and the usual corrosive chemical agents (HF, mineral 
and organic acids, alkaline hydroxides, NH 3 , etc.). 

Since the borazinic layer is very thin (on the order of a few \im to 500 \xm) % its pyrolytic decomposition is 
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very fast and only lasts between a few seconds and a few minutes (for. example 10 sec. to 10 min.). 
Therefore, it is applicable both for a discontinuous and a continuous process during which die object (a tape, 
a filament or a series of objects arranged on a conveyor) is successively immersed in the solution, dried and 
heated by passage in a furnace at the selected temperature (everything being in inert atmosphere). 

The amorphous deposit obtained at approximately 600 - 800°C can be crystallized by heating at a higher 
temperature: for example at approx. 1 100 - 1300°C it is converted to hexagonal BN which, because of its 
structure, shows properties that are different from those of the amorphous, layer, but which are also 
interesting from the industrial point of view. 

Among the metal and mineral substrates that are suitable for the implementation of the present invention, 
one can mention articles with a surface made of a metal such as Ti, Mo, Fe, Mh, Cr, Co, Ni and other usual 
metals. On more noble metals, such as Cu, Ag, Au, Pt, Pd, etc., the application of the procedure is also 
possible, but the adherence is less satisfactory. As mineral substrates, one can mention Al 2 0 3 , Si0 2 , Zr0 2 , 
glass, sandstone, ceramics, hard metals, metal borides, carbides and nitrides, etc. 

The examples below illustrate the invention in detail. 
Example 1: 

In a standard quartz container were placed, under nitrogen protection, 100 g of liquid borazine that had been 
submitted to exposure to sunlight After a few days, nitrogen distillation was performed, which supplied 26 
g of non-distillable solid, the volatile portion being the borazine. This solid comprised a mixture of 
borazanaphthalene, biborazinyle and a low quantity of oligomers with higher molecular weight, whose 
structure was not determined. 

Similar results were obtained by shorter exposure to a UV lamp that supplied a flow of 20 W/cm at a 
distance of 30 cm. In the presence of traces of transition metal compounds, the oligomerization time was 
shortened even more. 

Example 2: 

25 g of the solid obtained as described above were dissolved under nitrogen protection in 150 ml of dry 
benzene, and in this solution was immersed a bundle of approximately 20 g of alumina fibers with a 
diameter of 20 - 40 (jm, This hank was removed from the solution and nitrogen-dried at 30 - 40°C until the 
solvent disappeared completely. 

These fibers covered with a thin film of solid borazinic compounds were then rapidly heated at 800°C in 
nitrogen atmosphere, in an electric furnace. After a few minutes at this temperature, the hank was removed 
and the presence of a homogeneous film of amorphous boron nitride was observed on the fibers after SEM 
analysis. The thickness of this film was approximately 0.5 \xm. By repeating this example with solutions of 
borazinic derivative having a concentration that varied between 2 and 35% per weight, similar films were 
obtained, with a thickness between 0.1 and 2 urn. Similar results were obtained on other substrates, for 
example fibers or wires made of Si0 2 , Fe, Ni. 

By heating at 1250°C, the amorphous coating of part of these fibers was converted to adherent, insulating, 
non-porous hexagonal boron. 

Example 3: 

Under nitrogen protection, 25 g of borazinic solid were dissolved, as obtained per the description in 
Example I , in 150 ml of dry toluene and in this solution was immersed continuously a silica optic fiber 
which was then dried under dry nitrogen at 60 - 80°Q until the solvent was completely eliminated. The 
surface of the fiber covered with a thin film of solid borazinic compounds was then rapidly heated at a 
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temperature between 600 and 800°C. A protective film of amorphous boron nitride and having a thickness 
on the order of 0.4 micron was obtained. This layer ensures protection against reagents, in particular against 
water, taking into consideration the hydrophile character of the Jayer. The layer also ensures a mechanical 
protection and gives the fiber a low coefficient of friction, which is very important for the manufacture of 
optic transmission cables. 

Example 4: 

Under nitrogen protection, 20 g of the solid were dissolved, as obtained per the description in Example 1, in 
trichloroethylene. This solution was gun-sprayed over the surface of a glass plate (a metal or ceramic 
surface could also be used) maintained at 80°C. After complete disappearance of the solvent, there 
remained on the surface a thin film of solid borazinic compounds. The substrate was then heated at 
temperatures between 600 and 800°C and a layer of amorphous silica nitride was thus obtained. 

By^ alin g at 1250°C, the amorphous coating was converted to adherent, insulating, non-porous hexagonal 
Example 5; 

The same procedure as in Example 4 was followed, but instead of heating the entire substrate at a high 
temperature, a laser beam was directed over one portion of the latter, so that it only heated locally the fine 
film of solid borazinic compounds that covered it. A beam of electrons or ions can also be used. Thus was 
obtained, locally, a layer of adherent, insulating, non-porous hexagonal boron nitride. By immersing, under 
protective atmosphere, the substrate in the. sol vent used to dissolve the borazine oligomer, the layer of 
borazinic compounds that were not transformed in BN by the laser beam was eliminated. Using this 
technique, on the substrate was deposited a layer of adherent, insulating, non-porous hexagonal boron in the 
shape of an area of pre-established defined design. This technique can be also applied to metal, glass, 
ceramic and other substrates. As a consequence, this technique is of great interest in the field of electronic 
microcircuit manufacture. 
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Precede pour obtenir lin reVetenicntde nitrure de bore r&i 



resistant a !a corrosion sur un substrat. 



© On trempe Tobjet arcvetirdans une solution <Ie com; 

PPsis bora?|niques solidis, on ivapore lesolvant de 
mamere i laisser subsister une peilicuie desdits composes 
oorazimques, puis on soumet robjet a la paralyse ce qui a 
pttur efTet de convertir ladite pellicule en un revetement de 
oN. .* •... 
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REVINDICATIONS 

a L ?° Ur ° b,Cnir sur un subsl ™ un rcvclcmcnt dc nitrurc 

dc bore homogcne. caractcrisc par le fait qu'on applique sur cc subs- 
train couche d un derive non volatil ou faiblcmcnt volatil de la 
borate, pu.s qu on ehauffe « substrat dc man.cfc a pyrolyscr 
ladile couche cl a la transformer en BN avee depart d'hydrbgenc. 

• P l 0a ^, my ? n \ la "vendition I; carac.crisc par Ic fait 
qu on ehauffe le substrat entre 600 et 800 C. le BN obtenu ayant 
unesinictureamorpheresistanic a la corrosion. 

n„-i^° CCd6 K U! T! ,a revendicali °" 2. caractcrisc par Ic fait 
quensuite on ehauffe la couche de BN amorphc.a 1 1 00- 1 306-C.de 
maniere a la convertir en BN hexagonal 

: le diHv1 r S 6 |!! ,rVa " ? rcVcndica '™ I. caractcrisc par le fait que 
k denve de la borazine est un oligomere dc celled, solidc a la tem- 
perature ambiantc. . • • : 

' r 0 lLZ° Cidi , $Ui !,- nl . ,a rc V cnd, '««ion 4. caractcrisc par Ic fait que 
„2,T d, iT C fC Ch6Ui parmi le biborazinyle et Ic bora*,- 

naphtalcncouun melange deceux-ci. . . : 

M > U ' Va . m 18 revcnd!ca,i <>" «• caractcrisc par le fait que.' 
ZST r ap . pl ' Ca,,on - on ic subset dans uric solution 

surface IT^- 1 ^^^ 9 ^^^^- 
surf cede cc substrat une couche dcccttc solution, puis on cvapbre 

mques solidcs sur la surface dc ce substrat. 

7. Precede suivant la revendication J. caractcrisc bar Ic fait 

sTbstTiTf h S .° ,U,i0n dU 0U dC$ COmpos * boraziniqucs sur Ic 
ubstratmamtcnuaunctcmpcraturesumsantcpourprovoqucr - 
1 evapprat.on dusolyant et former* la surfaccdu substrat un film 
mmcede composes boraziniques solidcs. m 
ou i^ di revend, 'ca"'oh 6. caractcrisc par Ic fait 

parm. les solvants aromatiques tels que benzene, toluene, xylene ' 
Z^lt" ' Ck t qU? ^'^ydrofuranne. dioxanne. digl^Sdes 

• Z' - 0Ced . c su,vant ,a revendication 8. caractcrisc par Ic fait que 
es,^ 

nnSf™** f Uiv i nt ,a " vendica tion 2. caractcrisc par Ic fait 

SSSi T SF^f***- i]Mt ™ ou ^ d * 
^ « fi N. Puis on dissout. par un 

" ne recouyerte d? ni,rure * 



.DESCRIPTION 

on ,^l P , r V ,,C i nVenti0n 3 P° ur °bjet un precede pour former sur 
ESSE" ,m dC m ' tn,re * ^ rfaisiant a ' a conosfon par es 
a Sntrh UeS , etat,nOS . P M "^Ce film. „on conducteur.dur 
" " hau,es ^Pcratures a Pair, agit comme revc.cmcni 

Sm^ 

Seen 2? ' ^ 0n, - Ronieu . »«» «•* rhexaehlorobo- 

K^SrSTSS « - taht J - ^ ,he ^Common 
Si d '^? ncet 1 ' a n>n>oniac(H.O. Pierson ««/.). Proceedings 

SSSf ,?,, r at: c C0 . nf - °" ^ 71,6 Electrochemical SoT 
Softbound Proceedmgs Series. Princeton. NJ. (1979). USA; US-A- 

:S a ™ *>» c des composes de bore et d'azote tels que trifluo- 

rotnme l hy| amin oboranee t dibromodipropylamineborane[E.A Ba. 



[afeinoxa «•/ „/.. Russian J. of Inorg. Chem. JJ (7 ). |9S 0 English 
rans a, . ^ „ , ga|cmcm ^ p t h 

la borazmc. sous forme de vapcur [A.C. Adams, J. Electrochem 
Soc /^( 1 98l,,,378-l379]oudc plasma [S. Shi t „fcu ^ 
• G. Vac. Scfc Tcchnol. A I (2). April-June 1983. 321-3"M] " 

Les films dc BN sont utiles comme diclcctriqucs en microelcctro 
mquc. comme pro.ectcurs contre la corrosion. dans dcsZo iS & 
I .ndu„nc ch,miquc. ainsi que comme renforcatcurs c, prE cu « 
de fibres dc verrc ou dc ceramfques dans les tclccommunicaUons ct 
i« matenaux composites, . . ■ cl 

,en, I fc difl?^en • , " ,CCh V ! qUCS d ' ob,c «"ion evoquecs cWcssus prescn- 

qu a I obbganon d'operer ^en phase vapeur dans des conditions bien 
controlees qu, exigent Putilisation dc cellules dc reactions cfracS 

,5 SoniTr a ,ri ra - ,urci,cv ~ 

sat,pn des react:fs relal.vcment compliques, II c.ai. done desirable de 
disposer d'un proccde simplifie dans lequel on fai, i n ,crJc n Tr 
compose dc borc e. d;azo,e suinsamment stable pour poulo r ?,re 

, £Z£S • 4 rCV£,ir ' c« a ^nsuTc s m- 
plcmcnt ehauffe a une temperature suflisante pour provoaucr la d* 

rcsistunte a la corrosion de nitrurc debpre k 
UntclprocWccs.tdefiniala rcvcnd'icat'ion I. La bomzinc mono 
H SSS"**"* ^a«urc amblantcc, sa phSSK^T 
.5 est elcyce. En consequence, un film de bomzinc liquidc obtenu sur 
un substrat par trempage s'evaporc bien avant que la fenSuJc de 
pyro yse sou attcintc c, mcme en autoclave; les pcrtes d?S , 

Par T n f ' mP? • a , n '" P ° gr q »' We ,C " C ,cchni< » uc cxploitab c. 
Par contre. en utihsant un derive sblidc pcu volatil de la I»rizin7 

•alenc. ou des melanges dc ccs corps, cet inconvenient disparatt 

cellc-c, en phase vapcur aumoyen d'unc source actinique IMA 
« 25 " a, \ A C . S - **** 1438j. ee qui provoquc la form^ion 
» de divers oligomerej.outrc les dimcres precitL On pcut ega^cmem 
polym^serlaborazineparlachate 

: a rir $ n rp " pn,u ? ifeab,Kdans,a ^ cntei ^ 

autant qu .ls so.ent solubles en miheu organiquc volatil. On peut 

S^iT^?***^* o»gomcrcs (voirG A. 
■» Kline et aL, Inorg. Chem.. 16 ( 1 977). II] 

bbrarin^^ 

S Par irradiation dc la borazine liquidc; les 

rad.at.ons ut.Ics sesituant dans Ic visible et rUV. Dcs traces dc 

^e a r?c^^ n ?.^ M ^^ 

rence comme sm ; on prepare une solution du ffu des comooses bo 
raamqucs solidcs dans un.solvant organique neutra oa/exemn.5 

222 J J 8 reVe ". r : Ce " e ,echni< > u? P^ n " » ia vahtage c^side- 
rable dc. rendrc acccssiblcs au produit de revetemcnt tons les clfc. 

m e n a?^^ . 
ment atte gnablcs par les rcactifs gazcux dans le cas d'application 

« solufon et, apres egouttagc. on.fait cn sorte que Ic solvant s'eva- 

denvc boraz,n.que sohde. La concentration en derivrboraziniquc de 
ob^r n T £,rC r ,con «J u ci Plus elle est elevec. plus la Sfc 

S rt P d-hT cr a T lysc du d£p6t et sa conv - s -" S 

«trc d de; y ^ 

linf nS etc ) " " CraUX " ° r6aniqUCS - hydr °^ CS a,Ca " 



L;i coiichc boraziniquc faint ires mince Cite I'ordrc dc quclqucs 
urn a environ 500 pm). sa decom position p>rolytiquc est Ires rapide 
ei no dure, cn fait, que quclqucs sccondes ;. quclqucs minutes (par 
cxcmplc 10 s a 10 min). Eile s applique done aussi bicn a un proces- 
sus discontinu que con I in u au cours duquel lubjel (un ruban un fi- 
lament, ou unc serie dpbjets disposes sur line hande transpor'tcusc) 
est, succcssivcmcnt. trempe dans la solution, scene ct chauflc par 
passage dans un four a la temperature consider*: (Ic tout en atmoV 
phere merle). 

Lc depot oblehu vers 600-800 • C. amorphe, pcut clre cristallise 

i U ^ £ea UnC ?Cmp6ra,urc P |US ik * ie '> P" r cxcmplc vers 1 100- 
1 300 C. il sc transforme en BN hexagonal qui. dc par sa structure 
prescntc des proprictcs difTcrcntcs dc ccllcs de la couche amorphe.' 
mais cgalcmcnt intercssantcs industricllcmcnt. ":' 

Parrai Ics substrats mctalliques ct mincruux sc prclant a la misc 
en «uvr»dc la prescntc invention, on pcul citcr des articles compor- 
lant unc surface d'un metal tel que Ti. Mo. Pe, Mn. Cr. Co. Ni ct ! 
autrcs mctaux usucls; Sur des mctaux plus nobles tcls que Cu. Ag, 

: .I' ,r. CIC - '^PPKcation du precede CM cgulemcnt possible, 
ma.s I adherence est moins satisfaisanlc. CVmimc substrats mine- 
raux. on pcut citer AljO,. SiO, ZrO... Ic vcrre. Ic grcs. les ccrami- 
ques. Ics mctaux durs. .les borures. carburcs. nitrurcs mctalliques.. 

Les cxcmplcs qui suivent illuslrcmTiiivcM.tion.cn detail 
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tration variait cntrc2 cM 35% cn poids. on a oblcnu des films simitai- 
res dont lepaisseur variait cntrc 0.1 ct 2 urn. On a obtcnu des rcsul 
tats s.mdaircs sur d'autrcs substrats. par cxcmplc des fibres ou tils dc 
. SiO., Fe, Ni.' 

.« ' Par chauffagc a 1 250" C. on a convert! ic rcvctcmcnt amorphe 
d unc partic.de ccs fibres cn nilrurc dc bore hexagonal adherent 
■solan t ct hon porcux. 

Exemple 3: 

.» Sous protection d'azotc. on dissout 25 g du solidc boraziniquc tel 
qu obtenu comme decrit a Pcxcmplc I dans 150 ml dc toluene sec ct 
dans cettc solution, on immcrgc de fa«on continue une fibre optiquc 
dc sd.ee qui est ensuite scchcc sous azote sec a 60-80* Cjusqu'd it 
rn.nat.on complete du solvant. Par la suite on chau.Tc rapidement la 

" a? 3 " • C b i h J C feC0UVCr,C d " Une mince P c,,icu,c dc composes bo! 
S? ,dcs w cn ' rc600 «8«>'C.Onob«icnlainsiunfilmpro. 
tcctcur dc nitrure dc bore amorphe d'unc cpaisscurdc I'ordrc dc 
0.4 micron. Cettc couche assure unc protection contrc Ics agents chi- 
: m.qucsctcnpar,iculiercori^ 

» drophilc dc la couche. Dc plus, la couche assure cgalcmcnt unc pro- 
tectum mccan.quc ct conlcrc a la fibre un coefficient dc friction pcu 
elevc. cc qu. est d'un grand inter* pour la confection des cables dc 
transmission optiquc* " 



Exemple I: 

Dans un recipient standard cn quartz, on n place, sous protec- 
tion d azote sec. 100 g dc borazinc Jiquidc qu'on a soumisc a irradia- 
tion par la lumierc solairc: Aprcs quclqucs joiirs. on a proccdea une 
distillation sous azote, cc qui a fourni 26 g de solidc non distillable. 
la portion volaulc.ctant constitucc dc borazitic. Cc solidc consistc cn 
un melange dc borazanaphtalcnc. dc biborazinyic ct d'unc faiblc 
- quantitc d'ol.gomercs dc poids molcculairc plus elevc. dont oh n'a 
pas determine la structure. • '• 

On a obtcnu des rcsultiits.similaircs par irradiation dc plus 

" aU J m ^' Cn d ' unc i™** U V ftwratoom un (lux de 

-OW^cm a unc distance dc 30.cm. En presence dc traces de compo- 
ses de mctaux de transition. Ic temps d'oligomcrlsation est encore 
raccourci. 



jj Exemple 4: 

... Sous protection d'azotc. on diisout 20 g du solidc tel qu'obtcnu 
commc deem a rcxcmplc I dans Ic trichlorc.hylcnc. Cettc solution 
est pulvcnscc au moyen d'un pistolct a la surface d'unc plaque dc 

,„ nued S r 0 A rrai - T l ^ " P miial 0U u "«ram|quc) maintc 
<Tr I u PfCS d,s P ar,,ion c^P'ctc du solvant. il rcste sur la 
? UnC minc6 PcWtcuIc de composes boraziniqucs 
*o 'des. On chaufle ensutte Ic substrat a des temperatures comprises 
en,rc600et SOO^Cet on obticnt ainsi une couchedc nitruredc 3C 
cium amorphe. ■ • 

JV n;,, Par ! h t Uffa f 4 ^ ,i50OC • ^^ 0n ""^ '"cvctcmerit amorphe cn 
mtrure de bore hexagonal adherent, isplani ct non porcux. 



Exemple 2: 

Sous protection d'azotc. on a dissous 25 g du solidc tel qu'ob- 
tcnu commc decrit ci-dessus dans I50mlde benzene sec cleans 
cettc solution, on a immcrgc un faisccau d'ettviron 20 g de fibres 
J2T, U, ! dia . m f! rc de ?H° urn. On .• rctto cct echeveau de la 
J? et on l a seche sous azote a 30-40 • C Jusqu'd disparitioh 
complete du solvant. -■; 4 ... 

On a alors rapidement chaulIS a SW C. en atmosphere d'a^te. 
S , rccouvenes d * u «"= ™i"ce pellicule dc composes borazini- 

S . ^ ^- Ur dl<fCtri<,Ue ' Apr *' t ' ,,cl( > u « minu «« « cctte 

«mpc«,urc. on a rct.rc I'echcvcau ct. par analyse SEM. on a cons- . 

fltZ^™ ^ ,K fibrCS d ' U " film hom °8 4nc d * "itmredeTHire 
2t L ce film etait d'environ 0.5 um. En repetant 

cet exemple avec des solutions de derive boraziniquc dont la conccn- 



Exemple 5: ' ., 

'■J . ou fi" P^ e commc dans 1'excmple 4. mais. au lieu de chauffer 
°" " Sl T 8 , hau,e ,cm P £ra ' u '-c. on dirige un faisceau laser sur 
-Z^r ,0 ? ^ Ce ! U " C,,dC f ^^^ ^chauflcrquelocalement la 
fine pellicule de composes boraziniqucs solidcs qui Ic rccouvrc On 
P^taussiutiliserunfaisccaud'cl^ 

o^lcmcnt. une couche dc n.trure de bore hcxagonale adhercntc. 

« solantc ct non ppreuse. Eh immcrgcant. sous atmosphere protec- 
tr.ee. le substrat dans le solvant utilise pour dissoudrc I'oligomcre dc 
tZT,' °" e!,m, " e l a . c< > uch « d ' ~mpoics bqrazfmqucs non trans- 
formes en BN par Je fa.sceau laser. Avec cettc technique, on depose 
ains. sur le substrat une couche dc nitrure dc bore hcxagoriale adhe- 

» rente, .solante et non porcusc sous la forme d'unc zone de dessin 
defin. preetabh. Cctte technique pcut s'appliquer cgalcment a des 
substrats metalliques. vitrcux. ccramiqucs et autrcs. Cctte technique 
offre. en consequence, un grand interct dans lc domainc dc la fabri- 
cation de microdrcuits elcctrpniques. 
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